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INTRODUCTION
Data on the Cladocera of Asia are improving as more studies are being conducted on regional scales, leading to new discoveries. The fauna of Thailand, with over 100 species on record, is particularly well known (Maiphae et al., 2005 (Maiphae et al., , 2008 . A recent study of Laos also has resulted in the discovery of more than 70 species . In contrast, advance in documenting the Cladocera of India has been slow. Of the ca. 700 species known globally (Kotov, 2011) , the number living in India is actually unknown. Fernando and Kanduru (1984) listed 130 species, of which Michael and Sharma (1988) described only 89. One hundred thirty species have been recently listed by Chatterjee et al. (2013) , but many records remain doubtful because Indian literature abounds with checklists riddled with identification errors. Within India, the cladoceran fauna of the North East is the best known (Sharma and Sharma, 1990 , 2007 , 2009 , with over 60 species documented.
Comprehensive species richness data of Cladocera from the Western Ghats, a biodiversity-rich region (Myers et al., 2000; Mittermeier et al., 2005) , are not available. The situation here is similar, with most studies focusing on faunal inventories and little attention to correct identification and nomenclature. There are a number of faunistic checklists of Cladocera from single localities from Maharashtra state (nearly 1/3 of Western Ghats lies in Maharashtra) (Rane, 2002 (Rane, , 2009 Patil GP et al., 2008; Patil SS et al., 2008; Vanjare et al., 2010; Rane, 2013) . Countless nomenclatural errors in these works render them useless and have only artificially inflated the species richness. Hence, our primary objective was to derive a first ever species richness estimate for the northern region of the Western Ghats (region lying in Maharashtra and Goa; referred henceforth as NWG). We also compared the fauna from NWG with some well-studied South and South East Asian regions, with special attention for the genus Daphnia. We also comment on the biogeography of selected species.
METHODS

Study region
The Western Ghats are a chain of hills spread over 1600 km across six different Indian states, with a few gaps in between (Mani, 1974) (Fig. 1A) . The hills have an altitudinal range of 600-1000 m reaching 2000 m in the southern regions. The Western Ghats receive most of their rainfall during Monsoon (June-October). This amount varies with region (the southern region receives more than the north) (Mani, 1974) . The sampling region for our study consisted of Western Ghats and adjoining areas in the states of Maharashtra and Goa (Fig. 1) . Two hundred and thirty samples were collected  from about 80 different habitats located between 495 and 1309 m asl covering the complete altitudinal range of NWG. Different types of habitats (from rock-pools to large water reservoirs) were sampled and an attempt was made to sample habitats more than once. Plankton tow-net and hand-net with mesh size of 52 µm and 150 µm were used for collections. The tow-net consisted of an iron ring 10 cm in diameter, attached to about 300 cm of long nylon rope, fitted with a 10 cm (diameter) net of plankton mesh and provided with a 125-mL plastic receptacle at the tail end. Hand net consisted of a circular plastic frame (r=7.5 cm, h=6 cm) having a net with a mesh size of 150 µm with an extension to hold it. This net was particularly used for littoral samples. Samples were collected in plastic containers (100 mL) on the field itself and immediately fixed by using 5% formaldehyde or 70% ethanol.
Identification
Cladocerans were separated and dissected under a Stereomicroscope (Magnus MS 24; Lawrence & Mayo Pvt. Ltd., Bangalore, India). Final examination of specimens was carried out under a compound microscope (Ch20i and CX41; Olympus, Tokio, Japan).Identifications were done using keys by Korovchinsky (1992) for Sididae, Benzie (2005) for Daphnia, Dumont and Pensaert (1983) for Scapholeberis, Orlova-Bienkowskaja (2001) for Simocephalus, Berner (1986) for Ceriodaphnia, Goulden (1968) for Moinidae, Smirnov (1992) for Macrothrichidae, Kotov and Štifter (2006) for Ilyocryptidae, Smirnov (1971 Smirnov ( , 1996 for Chydoridae. We also referred to papers on particular species if recent taxonomical work had been carried out on them.
Species richness estimation
Species richness was estimated using nonparametric (distribution-free) methods to evaluate true species richness from samples (Chao, 1987; Colwell and Coddington, 1994) . This method is based on the relationship between singleton and doubletons observed in samples. We selected Chao2 and Jackknife2 indices for our data to estimate the true species number. EsimtateS (v9.1) (Colwell, 2013 ; http://viceroy.eeb.uconn.edu/EstimateS) was used to generate the species richness estimation using Chao2, Jackknife2 indices. Estimation was carried out using biascorrected Chao2 and Jackknife2 indices. Five hundred randomizations per sample were carried out to get the standard deviation estimate around each data point.
Complementarity index
The complementarity index is a measure of non-similarity which can be used to compare different faunas and can provide a good resolution between two faunas (Colwell and Coddington, 1994; Dumont and Segers, 1996; Maiphae et al., 2005) . It is given by the formula:
where: S j , species richness of habitat j; S k , species richness of habitat k; S jk , sum of species richness of habitats j and k; V ik , species number shared between habitats j and k; V ik , Sj + S k -2V k ; U ik , number of species unique to habitats j and k. It can be expressed as a percentage of non-similarity (=complementarity) between groups. Thus, two habitats with identical faunas would have C=0, while habitats with totally different faunas would have C=100 (Colwell and Coddington, 1994) . Complementarity index was used to compare faunas between selected Asian countries. For comparisons between different geographical regions we used Maiphae et al., (2005 Maiphae et al., ( , 2008 for Thailand; Dumont and Van de Velde (1977) , Swar and Fernando (1979) and Manca et al. (2006) for Nepal and Fernando (1980) for Sri Lanka. Data for comparison of numbers of Daphniidae were taken from the same literature used for complementarity analysis.
RESULTS
Fifty one species were found (Tab. 1). Chydoridae was the most speciose family with species numbers two to three times that of other families, while Ilyocryptidae was represented by only one species. Forty percent of the species found were rare, ten species were abundant. Ilyocryptus spinifer Herrick, 1882 was recorded in about 40 % of the sampled habitats followed by Leydigia (Neoleydigia) ciliata Gauthier, 1939 (36%) (Strauss, 1820) were abundant in eutrophic waters, a trait well known in these species. Moinodaphnia macleayi (King, 1853) and Moina hemanti were seen in a single locality. Indialona ganapati Petkovski, 1966 was restricted to the limnetic zone of large reservoirs, a trait also mentioned by Kotov (2000) . Camptocercus cf. vietnamensis Sinev, 2012 , Notoalona globulosa (Daday, 1898 and Bosmina (Bosmina) The number of singletons (L) was 7 and doubletons (M) were 2 from the 230 samples. With those values, the Chao2 estimator produced an estimate of 57.8 (58) species while Jackknife2 yielded 62.87 (63) species (Fig. 2) . Thus, about 80% of the fauna was covered by our study. Complementarity between regions ranged from 49% to 81% and increased with distance and latitude (Tab. 2). Of the countries included in the comparison, NWG was similar with Sri Lanka and most distinct from Nepal. Proportion of distribution was similar for Anomopoda across the regions. consistently represented more than 50% of the total cladoceran fauna in all the studied regions with Alona and Chydorus the best represented genera (Tab. 3).
Note on Daphniidae
The total number of daphniid species was similar for NWG, Sri Lanka and Thailand (Fig. 3) 
DISCUSSION
Credible faunal data are restricted to a few habitats which have a long history of observations (Dumont and Segers, 1996) and a stable taxonomy. However, many cladoceran taxa from the tropics have an uncertain identity . Southern Asia still trails in validly described cladoceran species when compared with other regions like Australia and Europe (Forró et al., 2008) , and even Southeast Asia (Maiphae et al., 2005 (Maiphae et al., , 2008 Kotov et al., 2013) . Sharma and Sharma (2005) stated that the limnological surveys from India include poor species inventories due to the general lack of taxonomic expertise, a statement which is still valid (Chatterjee et al., 2013) . All this applies to almost all previous cladoceran studies from NWG region as well.
With ca. 130 species reported from India (an estimate yet again) (Chatterjee et al., 2013) , the 51 species from NWG represent roughly 40% of total species richness known. This number compares well with a recent inventory of Maharashtra by Rane (2013) , finding 58 species (considering only the number and not the validity of species) but was distinctly lower than South Thailand (=72; Maiphae et al., 2005) , Laos (=70; Kotov et al., 2013) , and comparable to Cameroon (=61; Chiambeng and Dumont, 2005) in the impoverished African tropics. The number of species found can thus be said to be low for Asia, and certainly for a biodiversity rich area like the Western Ghats. The reasons for this lesser number might be due to incomplete or biased sampling and lack of systematic and/or repeated sampling of large water bodies, each of which should harbor about 50 cladoceran species at a time (Dumont and Segers, 1996) . This low number could also reflect the fact that exotic environments like wet mosses and interstitial water, known to harbor unique taxa (Dumont, 1994) , have not been included. Species living in such places could increase the expected species number. Endemic species may have a restricted distribution and hence are easy to be missed (Forró et al., 2008) . Our finding of Moina hemanti is one such example (Padhye and Dumont, 2014) . Another problem in finding the true richness is that some widely distributed species may contain hidden diversity (cryptic species). Cosmopolitanism in Cladocera has been abandoned in favor of regional endemism (Dumont, Frey, 1986 Frey, , 1987 Hudec, 1991; Sinev, 1999 Sinev, , 2001 Sinev, , 2011 Sinev, , 2012 Van Damme and Dumont, 2008; Petrusek et al., 2004; Belyaeva and Taylor, 2009; Kotov and Taylor, 2010; . We observed several such species complexes and labeled them as cf. or s.lat. as their identity is yet to be established. Examples include Latonopsis australis, Moina micrura, Coronatella rectangula and Karualona karua. Disentangling these will increase the species richness. At the same time, it can be said that sampling effort for our study was relatively efficient as 80% of the fauna was recovered and only an estimated 8-10 species were missed given the sample size (for values refer to Fig. 2) . It has been shown that Chao 2 and Jackknife 2 estimators are efficient in assessment of cladoceran diversity with respect to incidence based data (Dumont and Segers, 1996; Maiphae et al., 2005 Maiphae et al., , 2008 Chiambeng and Dumont, 2005; Kotov et al., 2013) .
NWG cladoceran species distribution varied from broadly distributed to point endemics. Of the species observed in the study, a large fraction was circumtropical with species such as Latonopsis australis s. (Maiphae et al., 2008; Sinev, 2012; Chatterjee et al., 2013; Kotov et al., 2005; Korovchinsky, 2013; Padhye and Dumont, 2014) . Moina n. sp. is part of a group of species with a tropical Amphi-Pacific distribution (see Van Damme and Sinev, 2013) and its closest relative (M. dumonti) is found 10,000 km away in South America (Kotov et al., 2005; Padhye and Dumont, 2014) . Taxa known to be species complexes with a global distribution like Chydorus sphaericus s. lat., Alona quadrangularis (O.F. Müller, 1776) s. lat., Alona affinis (Leydig, 1860) s.lat. (Van Damme and Dumont, 2008; Belyaeva and Taylor, 2009; Van Damme et al., 2010) were rarely seen. Regional forms of these species have a comparably limited distribution [e.g., Alona kotovi Sinev, 2012 from Vietnam is a Southeast Asian species from the A. quadrangularis species complex (Sinev, 2012) ]. Also, chydorids like Pleuroxus aduncus (Jurine, 1820) s.lat., Picripleuroxus sp. and Kurzia (Kurzia) latissima, known from characteristic habitats (acid ponds and bogs) in the Palaearctic region (Chiambeng and Dumont, 2005) , were uncommon in the collections, being seen in neutral ponds and riverine habitats only. Regional endemism could again perhaps help explain the occurrence of these species in NWG. Alternatively, the ejected relicts hypothesis of Korovchinsky (2006) states that many such cladoceran species are relicts of a Pre-Pleistocene continuous distribution. This hypoth- esis has also been put forth for the Palaearctic elements seen in Thailand (Maiphae et al., 2008) . Both these statements are conjectural for the moment and more studies are needed to confirm either of them. Daphnia found in the study also have a varying distribution with species number changing latitudinally across regions, and follows a trend which has been analyzed in a recent study by Popova and Kotov (2013) . D. (C.) lumholtzi is distributed in Africa, Asia and Australia but recently spread to North America (Benzie, 2005; Sorensen and Sterner, 1992) and South America (Kotov and Taylor, 2014) . D. (C.) similoides extends from the Indian subcontinent to Central China (Hudec, 1991; Benzie, 2005) but recently it has been shown that China houses a distinct sub-species, D. (C.) similoides sinensis (Gu et al., 2013) . Therefore, it is likely that D. (C.) similoides s.str, is endemic to the Indian subcontinent. Daphnia (Ctenodaphnia) carinata is known from South Asia, Australasia and Africa (Benzie, 2005) . Subgenus Daphnia is rare in the tropics but becomes speciose towards the subtropics (Fernando, 1980; Fernando et al., 1987) . Species from the subgenus Daphnia are found at lower latitudes but at higher altitudes (Dumont, 1994; Green, 1995; Kotov and Taylor, 2010; Van Damme and Eggermont, 2011) . The absence of high altitudes in NWG and Sri Lanka is thus one of the reasons why Daphnia does not occur here. Nepal lies above 24°N with many Himalayan lakes at alpine altitudes over 4000 m. Presence of Daphnia here surely reflects both altitude and latitude. Other factors that may restrict Daphnia in the tropics are relentless fish predation (Burks et al., 2000; Dumont, 1994; Green, 1995) , invariably high temperatures (Allan and Goulden, 1980; Fernando, 1980; Dumont, 1994; Gillooly, 2000) , and absence of a photoperiodic signal for sexual reproduction (Stross and Hill, 1968; Dumont, 1994; Kerfoot and Lynch, 1987; Chiambeng and Dumont, 2005) .
The disparity in complementarity seen between the studied regions is likely due to the combination of altitude, latitude (and resulting variation in environmental variables) and dearth of taxonomic expertise, as discussed earlier.
Thus, the fauna of Nepal has distinct faunal elements owing to its altitude and this fauna will likely increase with a better taxonomical investigation. Many species found in northeastern India (Sharma and Sharma, 1990 , 2007 2009 can also be expected in the tropical parts of Nepal since they are known from countries such as Thailand and Laos (Maiphae et al., 2008; Kotov et al., 2013; Van Damme and Sinev, 2013 ). This in turn could affect the complementarity value. Complementarity index is known to be sensitive to the comprehensiveness of the underlying census. The more inclusive the inventory, the more robust is the complementarity index derived from it (Colwell and Coddington, 1994) .
NWG is facing problems such as rampant land conversion, eutrophication and invasive fish species. Temporary water habitats are destroyed at an alarming rate by anthropogenic activities (Williams, 2002) . Data on such loss of temporary water bodies due to land conversion are not known for developing countries . Loss of small freshwater bodies could mean local extinction of species leading to a decrease in the regional diversity or even potential total extinction for endemic species (De Bie et al., 2008; Forró et al., 2008) like our Moina hemanti Ephemeral water bodies represented more than 50% of the total samples collected in the study (data available on request). Eutrophication leads to modification of the aquatic habitats and organization of zooplankton communities including Cladocera (Sampaio et al., 2002) . Many habitats in the hills of the Western Ghats were relatively free of eutrophication but habitats within city limits were highly eutrophicated and with peculiar cladoceran fauna (C. cornuta and M. micrura dominated the plankton). Destructive effect of introduced fish species like guppy (Poecilia reticulata) on native fauna has been documented by Ghate and Padhye (1988) and could be affecting cladocerans in a similar manner.
CONCLUSIONS
We found 51 species of Cladocera in six families, with maximum number of species in the Chydoridae. Chao2 and Jackknife 2 indices showed that only few species were missed: 80% of the estimated species were recovered in the study. This is somewhat surprising, as it does not confirm the NWG as a biodiversity hotspot for cladocerans. Comparison of NWG fauna with other regions 
